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UNIVERSITY OF SOUTH FLORIDA 
Dr. Larry J. Doyle. Director 
Mr. Richard Eckenrod 
Southwest Florida Water Management District 
7601 Highway 301 North 
Tampa, FI 33637 
Apr i I 19, 1989 
Re: Comments on "A Characterization of Tampa Bay Sediments" 
Dear Dick: 
I have some specific comments 
sedimentology, nutrient chemistry, and 
sections of the report. 
regarding the 
benthic biology 
One major concern with the sedimentology and nutrient 
chemistry sections is the omission of reference to the 
important FWPCA (1969) study of Hillsborough Bay water 
quality and sediment parameters in 1967 and 1968. The FWPCA 
report, commonly known as the "Hagan Report", contains 
detailed information of nitrogen, phosphate, and organic 
carbon contained in the sediments at 95 locations. Results 
from the FWPCA report must be included in a complete 
characterization of Tampa Bay sediments. Including this 
reference will probably influence several of the conclusions 
of sediment changes that have occurred in Hillsborough Bay 
over the last 25 years. 
section refers at several occasions to 
the bay". It is unclear to me what 
The sedimentology 
the "periphery of 
sections of the bay this may include. 
The nutrient chemistry section on page 44 states that two 
sewer outfalls are located on the Interbay Peninsula in 
Hillsborough Bay. These outfalls have not been used for at 
least a decade. 
The nutrient chemistry section compares results from two 
methods to study nutrient fluxes across the sediment-water 
interface, benthic chambers and interstitial concentrations. 
It is concluded that there is no reason to prefer one 
approach over the other, however, the discussion on page 61 
points out an important difference between these two 
approaches. It is stated that benthic chambers measure 
flu xes and that interstitial concentration technique 
estimates fluxes. It is generally recognized that benthic 
chambers measure releases or uptakes by the sediments ,and the 
biota contained within the chamber, while the interstitial 
concentration technique gives an estimate of potential 
diffusion. In order to fully understand interactions 
between the water column and the benthic environment, 
techniques need to be applied which measure fluxes as they 
occur in the bay and not be limited to indirect estimates. 
The benthic biology section is rather cursory and needs 
to be e xpanded if this document will be used as a basis for 
future studies of the benthic community in Tampa Bay. 
When considering future studies help to manage Tampa Ba y 
sediments, I would like to redirect you to the thesis by 
Nixon (1987). He shows that both in Chesapeake and 
Narragansett Bays, current eutrophication problems are 
probably caused b y recent nutrient inputs and not by old 
nutrients bound in the sediments. Therefore, management of 
the sediments in Tampa Bay may simply mean management of the 
nutrient inputs to the bay. 
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EXECUTIVE SUMMARY 
The objective of the Tampa Bay Sediment Characterization Study is to an~wer 
the following questions: 
"What are the major types of sediments in Tampa Bay from a resource 
management perspective considering chemical, physical, and biological factors? 
How are the major sediment types distributed throughout the Bay? Which 
sediment types and deposits pose a concern either by directly threatening the 
health and well-being of humans and living resources of the Bay or by limiting 
the attainment of beneficial uses of the Bay? Two corollary questions are: 
(a) What constituents or properties of the problem sediments make them a 
concern, and (b) What processes do the problem sediments undergo ...• which 
aggravate or ameliorate the problem(s) and at what rate are these processes 
occurring? How are the problem sediments distributed volumetrically? What 
are the sources of the problem sediments or the contaminants in the sediments 
which create the problem?" 
Task I of the project is described in Work Order #1-89 and basically 
consist of a literature search and data collection and synthesis designed as a 
first step in addressing these questions. This initial phase of the projsct 
involves assessing the present state of knowledge of sediments in Tampa Bay 
and the identification of data gaps, or areas where more detailed information 
is required to achieve project objectives. The literature search produced 273 
data sources that from their abstracts in the data base are applicable to the 
project (Appendix I). Data sources were reviewed by experts in the fields of 
sedimentology, nutrient chemistry, organic geochemistry, trace metal and 
radionuclide geochemistry, and benthic biology who then contributed the 
following summary sections. 
The investigators found that data are adequate for a good general 
description of the Bay sediments, including texture, mineralogy, and total 
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organic carbon. Several common problems were recognized. Sampling and 
analyses have been conducted over a period of many years, sometimes making 
comparison of values difficult. Data are often reported in ways that make 
comparisons between data sets difficult or impossible. For example, grain 
size may be presented as weight percent mud, mean grain size, mean phi, or 
percent sand, silt and clay. Different methods may have been used for analysis 
which may not yield results which are directly comparable. Station locations 
are often plotted on a figure, with no specific co-ordinates given. While 
adequate for general descriptive purposes, locations are often not accurate 
enough for detailed comparisons, especially of patchy distributions. 
Tampa Bay is a drowned river valley filled with as much as 20m of 
sediments which result from the wide variety of depositional environments that 
existed as sea level fluctuated up and down during the Pleistocene. The 
present surface is dominated by quartz sand with varying amounts of shell 
material. Because of the positive correlation between the mud content «63 
micron size fraction) and many pollutants, percent mud is an important 
parameter and even differences of a few points may be important. It is 
probable that most sediment being added to the Bay from surface runoff or 
streams is fine grained. Indeed, there may be a general long term trend 
toward a fining of Bay sediments from dredge spoil as well. As the dredging 
operation goes forward, fine grained deposits beneath the surface sands are 
sometimes exposed. Much of this material escapes into the water column during 
the dredging. In addition, fine grained material is often winnowed from spoil 
banks and islands by wave and current action. Rates of transport of fines 
into the Bay are unknown as are the rates of deposition at specific sites. 
Surveys of nutrients in the Bay have concentrated on measuring nitrogen 
and phosphorus. The existing data base is inadequate to answer the questions 
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posed in this study. Gaps include lack of data on the forms of Nand P 
present in the older geographically extensive studies. More recent surveys 
have been limited in areal coverage and have also failed to measure 
concentrations of sedimentary forms of Nand P. Therefore, we are not able to 
assess temporal and spatial changes and distribution in reactive or releasable 
nutrients. Nutrient diffusion across the sediment-water interface is 
adequately not known nor are there data on the nutritional value of Tampa Bay 
organics or the effect of mixing by benthic organisms on nutrient release into 
Bay waters. 
There is a small but high quality data base in Tampa Bay dealing with the 
occurrence of petroleum hydrocarbons and chlorinated hydrocarbons 
(pesticides). The most heavily impacted areas are the lower Hillsborough 
River and upper Hillsborough Bay. Locally high concentrations may also be 
found associated with specific discharge points, marinas, and housing canals. 
Overall most of the Bay is still cleaner than many other anthropogenically 
impacted estuaries around the u.s. Little is known about accumulation rates 
adjacent to point sources, about bacterial degredation rates which might be 
more rapid due to the relatively high ambient temperatures, or about the 
effects of these compounds on benthic organisms. 
Sediment trace metal data in Tampa Bay are patchy and sparse. Studies 
have concentrated on Hillsborough Bay and upper Tampa Bay. The northern part 
of Hillsborough Bay and its poorly flushed channels show particularly high 
levels, especially of Pb, Zn, and Cd. Lower Tampa Bay is relatively clean 
compared to the upper Bay but point sources can make metal concentrations high 
in any area where inputs are large relative to flushing rates. The Bradenton 
Marina is an example of such a system. Hillsborough Bay may represent a 
source of metals to the Bay in general but data are not adequate to establish 
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meaningful gradients. Normalized metal to Al ratios may not provide a good 
measure of metal loading in Tampa Bay sediments. Dominance of quartz sand and 
corresponding scarcity of clay minerals means that there is low and 
potentially variable Al content in the sediments. Absolute measurements are 
preferred. Pathologic effects of trace metal concentrations on Bay infauna 
are not known. 
Little radionuclide data are available. Observations are limited to the 
mouth of the Alafia River and outfalls associated with Gardiner Inc. and 
include only measurements of radium-226 and radon-222. The radionuclidic 
content of Tampa Bay sediments is virtually unknown, and this is a major data 
gap. Since Tampa Bay waters are generally quite enriched in radon-222, the 
fate of its daughter elements is a major question. Chemical behavior of the 
radioactive elements between radon-222 and Pb-206 is such that. strong 
affinities for surfaces and biological uptake can be anticipated. 
Studies of the benthic biology of Tampa Bay have focused on the 
distribution of plants and animals and the community structure. Data on these 
are extensive but differences in study area, types of study, and techniques 
make comparison and determination of specific cause and effect difficult. 
Histopatholgical data on the benthic invertebrates and associated chemistry of 
tissues which are sensitive to various pollutants are lacking . Vectors of 
human pathogens through the sediments and benthic organisms in Tampa Bay are 
also lacking. 
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GEOLOGIC SETTING 
Tampa Bay is an estuary whose present morphologic expression has been 
determined by the events of the Pleistocene. During periods of lowered sea 
level the small streams which drain into the Bay become rejuvenated and more 
competent. With base level 100 meters below than at present and exposed land 
extending at least 160 kilometers further to the west, the streams cut a 
shallow valley, that is now Tampa Bay. Within this valley, channels were cut 
as much as 20 meters deep. The valley floor itself was subaerially exposed 
and some karst features such as sinkholes developed in the limestones (Willis, 
1984). Pleistocene land mammal fossils, including Mammoth remains, are 
commonly found in drege spoil from the Bay floor. Rejuvenated streams carried 
quartz sand eroded from the Tertiary terrace deposits that mantle much of 
central Florida. As sea level rose, downcutting ceased, at some point the 
Valley began to flood, and the channels and interchannel areas became filled 
in with a complex of deposits ranging from muds and peats, to oyster bars and 
death assemblages of clams, to almost pure quartz sand. Tidal channels were 
superimposed on the system and filled in their turn as circulation changed 
with increased flooding. As sea level rose still further the stream mouths 
began to be drowned by the rising Gulf waters. As a result they became less 
competent and today carry little sand and very limited quantities of even fine 
grained sediments. Sea level reached approximately the present-day level 
about 5000 years B.P. Since that time, but prior to development by man, the 
Bay has been constantly reworked by storms and tidal currents. The resulting 
surface sediments, are predominantly quartz sand with varying amounts of 
CaC03, the latter derived for the most part from the fragmentation of mollusc 
shells. 
SEDIMENTOLOGY 
Introduction 
The field of sedimentology deals with the study of textural and 
compositional characteristics of sediments and processes influencing their 
distribution. Sedimentological information is important for achieving the 
objectives of this project for several reasons: 
1) Fine-grained sediments are usually positively correlated with high 
organic content and are often sinks for contaminants; therefore, their 
distribution is important for identifying potential 'hot spots' of 
contamination. 
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2) Clay minerals are reactive and are often associated with contaminants and 
nutrients. Therefore, knowledge of their distribution will be useful for 
studying contaminents and recognizing 'hot spots'. 
3) Sediment characteristics such as texture, total organic carbon (TOC) and 
calcium carbonate content (7.C03) are important for determining the origin 
of sediments and associated contaminants. 
4) The identification of sedimentary processes and controls on sediment 
distributions patterns are important for determining how contaminants are 
distributed throughout the Bay at present, how they exchange various 
components with the water column, and in predicting how contaminants may 
be distributed in the future. 
During the review stage of the project, 104 entries were chosen for 
initial screening. Of those 104, 45 were deemed to contain information 
applicable to this project and were selected for further review and synthesis. 
Table 1 lists these 45 data sources including the general subdivision (Fig. 1) 
of the Bay where they are located, and other general characteristics. 
Based upon data review and project objectives, it became evident that 
several factors must be taken into account for an accurate synthesis: 
Table 1. List of sedimentological data sources applicable to the synthesis Element of the project. slslc = % sand, % silt, 
% clay; x = mean grain size; a = standard deviation (measure of sorting); SIM = % snd, % mud; ~ = the phi (~) size 
classification. 
Location Reference Year Parameters IIObservations R!::E,ort Format Comments 
Tampa Bay Taylor, et al. 1969 Texture 773 slslc Data collected 
TOC % TOC 1961-1965 incorporate 
C03 % C03 with Goodell and Gorsline (1961) Data 
Severs/maps. 
-lat/long given 
Tampa Bay Doyle, et al. 1985 Texture 100 Surface X, 0, % slslc, 
Samples, 
5 Vibra Cores 
% C03 TOC 
wt % CO2 wt % TO 
Tampa Bay Goodell & 1961 Texture ? Contour- x 4> Mostly descriptive, 
Gorsline % C03 ? Contour-% C03 some data presented TOC ? Descriptive with respect to depth 
Mineralogy ? Descriptive 
Tampa Bay Syke,s 1962- Texture >500 Descriptive Very general 
1969 descriptions. 
Tampa Bay Willis 1984 Seismics >500 km 
Vibra Cores 20 Descriptive 
Tampa Bay Taylor 1970 Texture 327 samples Descriptive Very general 
along transects descriptions. 
Chemical Compo 
Tampa Bay Brooks, et al. 1987 Texture 4 x 4>, 0, slslc Give Lat/Long. 
(NOAA) TOC 2 % TOC 
Tampa Bay Stahl 1970 Seismics Station locations not 
given. 
Cores 19 Descriptive No data presented . 
....... 
Table 1 (Cont') 
Location Reference Year Parameters I/Observations Report Format Comments 
Hillsborough Bay Bromwell & 1983 Texture 22 sites i. sand Site maps 
(Tampa Bay ' Carrier, Inc. Surface & cores Core logs 
Bypass Canal) TOC 4 i. TOC Represented as 1 site 
on maps. 
Hillsborough Bay Thoemke 1979 Texture 12 i. fine sand 
i. sIc 
Hillsborough Bay Santos & Simon 1980 Texture 1 x <1>, 0, i. sIc Time series 
(Ballast Pt.) TOC @ one Sta. 
Hillsborough Trefry, et al. 1988 Metals 34 NIA Collected in . Mucky' 
River Seds. 
Cores Descriptions DJ;"aft Report 
Hillsborough Bay Bay Study Group 1986 Texture 19 i. SIM Tables, Maps 
(BSG) City of Seismics 
Tampa 
Hillsborough Bay Brooks & Doyle 1989 Texture 8 Vibra Cores x, 0, slslc Tables, Maps 
CO
e 
i. CO
e 
Profiles 
TO i. TO Surface & Subsurface 
Hillsborough Bay SAIC 1987 Texture 200 Major mode Visually estimated 
with camera. 
Hillsborough Bay Taylor, et al. 1970 Texture 18 x <1>, Descriptions 
C03 ? ? No TOC or C03 data 
reported. 
Hillsborough Bay SLES, Inc. 1985 Texture 1? ? Confusing, appears that 
(Port Sutton) no data are presented. 
Hillsborough Bay City of Tampa 1984 Texture 27 Descript i ve 
(Hillsborough (e.g. sand w/shells) 
River) (Xl 
Table 1 (Cont') 
Location Reference Year Parameters IIObservations ReEort Format Comments 
Hillsborough Bay Taft & Martin 1974 Mineralogy 8 Concentrations(ppm) Gives station II's, but 
(Near Gardinier) P04-P, Si02-S no map of locations. 1=-
Old Tampa Bay Blake, et al. 1976 Texture 21 Descriptive 
(Bartow Power CO
e Plant) TO 
Old Tampa Bay Bloom, et al. 1972 Texture 9 Median, T, sand- Seasonal data 
(Courtney . whole <p 
Campbell % <6311 (4<p) 
Causeway) 
Old Tampa Bay Saloman 1971 Texture 1 a, S/S/C 
(Oldsmar) 
Old Tampa Bay Dauer 1974 Texture 4 (1 transect) Median, a 
(Courtney 
Campbell 
Causeway) 
Old Tampa Bay Dauer 1980 Texture 2 X, a, % mud 
(Courtney TOC % TOC 
Campbell 
Causeway) 
Old Tampa Bay Dauer & Simon 1975 Texture 4 Median, a 
(Courtney TOC % TOC 
Campbell 
Causeway) 
Old Tampa Bay Dauer 1980 Texture 4 (1 transect) ? No data presented, 
(Courtney location not shown. 
Campbell 
Causeway) 
\0 
Table 1 (ContI) 
Location 
Old Tampa Bay 
Old Tampa Bay 
(Courtney 
Campbell 
Causeway) 
Old Tampa bay 
(Bartow Power 
Plant) 
Old Tampa Bay 
(Courtney 
Campbell 
Causeway) 
Boca Ciega Bay 
(Tierra Verde 
Area) 
Boca Ciega Bay 
Manatee River 
(S.W. Bus. 41) 
Manatee River 
(Lower) 
Reference 
Ross 
Culter 
Lewis 
Lombardo 
Kelly, et al. 
Sykes & Hall 
Wade-Trim, Inc. 
Culter & 
Mahadevan 
Year 
1975 
1979 
1976 
1981 
1971 
1970 
1988 
1982 
Parameters 
Texture 
C03 
Texture 
TOC 
Texture 
CO) 
Toe 
Texture 
TOC 
Texture 
Texture 
Texture 
COl 
TOe 
Texture 
TOC 
IIObservations 
41 Cores 
Along 8 
transects 
2? 
4? 
I? 
2 
31 
6 cores 
3? 
3? 
20? 10? 
Report Format 
~, 0, S/S/C 
7. C03 
x, 0, Sand-l 4» 
7. Mud 
7. TOC 
Sand-l 4», 7. Mud 
7. CO) 
7. Toe 
x 
7. TOC 
S/M 
S/M 
i, 0, S/S/C (few) 
7. CO) 
7. Toe 
x, 0, 7. mud 
7. TOC 
Comments 
Data and maps of sites 
presented good 
coverage. 
Confusing as to 
exactly where samples 
collected. 
Monthly samples 
No location map given 
General 
Location maps and 
tabulated data. 
Samples collected in 
1963. 
Due to space problems, 
entered as 1 pt. on 
map. 
Confusing - appears 
texture and TOC 
performed on 2 repli-
cates for only 10 (of 
the 20) stations. 
I-' 
o 
Table 1 (Conti) 
Location 
Upper Tampa Bay 
(Lassing Park) 
Upper Tampa Bay 
(Big Bend Power 
Plant) 
Upper Tampa Bay 
Reference 
Santos & Simon 
Virnstein 
Doyle 
Upper Tampa Bay Hall & Lindall 
(Canals SW 
Gandy Bridge) 
Upper Tampa Bay Patton 
(Cockroach Bay) 
Upper Tampa Bay Young 
(Bayboro Harbor) 
Upper Tampa Bay Jordan 
(Pinellas Pt.) 
Upper Tampa Bay 
Lower Tampa Bay 
(Skyway Bridge) 
Conner, et al. 
Williams & 
Assoc., Inc. 
Year 
1974 
1972 
1975 
1974 
1982 
1984 
1978 
1977 
1983 
Parameters 
Texture 
Texture 
Texture 
TOC 
Texture 
Texture 
TOC? 
Texture 
Texture 
Texture 
TOC 
Texture 
Core logs 
/JObservations 
4 transects 
13 
20 cores 
34 
4? 
1 core? 
1 short core 
3? 
16 cores 
Report Format 
Cumulative curves 
for each transect. 
Median, 0 
% Mud 
>s/s/M 
% TOe 
x 41, glslslc 
Median'_2 Mud 
9x10 cm 
x, 0, 141 units 
x, 0, 141 units 
x, 0, % mud 
% TOC 
Cumulative curves 
Descriptive 
Comments 
Represented as single 
site on map. 
2 (2) 1.6 km blocks 
in middle of Bay. 
Data reported as 
ave. for ea. block. 
Difficult to locate 
precise sites on base 
map. Represented as 
one site on map. 
Locations not shown. 
Reported by zones. 
Down core data. 
Down core data. 
Only reported for one 
site. 
1 before and 2 after 
dredging. 
Difficult to determine 
which cores and depth 
downcore of samples 
analyzed. 
...... 
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1) The data report format must be consistent. For example, if two or more 
data sets are to be mapped together or otherwise compared, they must be 
compatible and represent the same measurement. 
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2) The methods used to obtain data must be consistent or compatible. For 
example, if two or more data sets are to be mapped together or otherwise 
compared, the methods used must be consistent or yield comparable 
results. 
3) The years of data gathering efforts must be considered. Some large data 
sets were identified that are 25-30 years old, and although they may be 
useful, may not be directly comparable to modern data of the same type 
because of the possibility of substantial alterations over that time 
interval. 
4) If data are to be mapped, accuracy of station locations must be 
considered. Few data sets give exact coordinates of stations and many 
showed only general locations. In these cases a judgement was made as to 
the most appropriate data set to map. 
The above factors were used as criteria when determining which data sets to 
include in the synthesis and which were to be presented on maps. Based upon 
review it was decided to map three sedimentological parameters; texture (% 
mud, i.e., % <63 microns) calcium carbonate content (%C03) and total organic 
carbon (TOC). These were chosen because: they best describe the 
sedimentology of the Bay; they are the most appropriate for achieving project 
objeGtives; they are commonly measured and reported, therefore data are 
available from several sources; and, data are quantitative and appropriate . for 
presentation. 
During review a large data set was identified representing over 700 
measurements and containing all three of the parameters mentioned above. 
Although the data set was extensive and showed good coverage throughout the 
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open section of the Bay, data were collected in the early 1960's (1961-1965) 
and, therefore, could not be directly compared to modern data. This data set 
presented in Taylor et al. (1969), was included as separate maps because of 
its extensive coverage and the accuracy of the data point locations, and will 
be important for comparison purposes. 
Texture 
Sediment texture refers to the physical nature of the particles, but for 
the purposes of this project will refer only to grain size. Grain size was 
reported in the majority of data sources reviewed; but reported in many 
different ways including mean grain size (i), sorting (or a measure of the 
standard deviation 0), 7. sand/silt/clay (S/S/C), 7. sand/mud (S/M), and various 
other descriptions. Based upon project objectives and the ability to 
synthesize data from different formats we have decided to utilize weight 
percent mud. Percentage of mud-size «63~) sediments enables us to locate 
fine grained sediment sinks (areas of accumulation) which are potent{al 'hot 
spots' for contaminants. Even though the sediment may be predominantly 
composed of sand-sized material, a few percent mud content may be significant, 
because it is this fraction that will be associated with most nutrients and 
contaminants. A few percentage points difference in mud content among various 
locations may also indicate depositional or winnowing situations. 
Figure 2 is a map of the modern, or. recent, surface distribution of 
mud-size sediments synthesized from Salomon (1971), Virnstein (1972), Hall, et 
al. (1974), Doyle (1975), Ross (1975), Lewis (1976), Dauer (1980), Doyle, et 
al. (1985), Bay Study Group (1986), Bromwell and Carrier, Inc. (1987), NOAA 
(Brooks, et al., 1987), Wade-Trim, Inc. (1988), and Brooks and Doyle (1989) 
(See Table 1). The most extensive of recent Data sets is reported in Doyle, 
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et ale (1985) which consequently was chosen as the basis for modern 
distribution. Figure 3 shows the 1961-1965 distribution of mud-size sediments 
(Taylor, et al., 1969). 
Modern distribution patterns show mud-size material comprises the highest 
percentages of sediments in relatively sheltered or low energy zones around 
the periphery of the Bay, and localized bathymetric depressions within the 
open Bay (Fjg. 2). In general, sediments tend to become coarser in the open 
Bay and toward the Bay mouth as has been previously described (Goodell and 
Gorsline, 1961). 
Around the periphery of the Bay, mud-size sediments tend to concentrate 
primarily in dead end canals adjacent to heavily developed areas where they 
receive a lot of urban runoff and adjacent to other point sources. Toward the 
Bay mouth and in areas less developed, mud-sized sediments tend to comprise 
lower percentages of the" whole sediment (Fig. 2). 
Localized concentrations of mud-rich sediments within open portions of 
west central Hillsborough Bay and west and east central Old Tampa Bay have 
been found to correlate with bathymetric depressions (Ross, 1975; Bay Study 
Group, 1986; Brooks and Doyle, 1989). These bathymetric depressions act as 
sinks for mud-size sediments by essentially providing shelter from the 
surrounding higher energy, shallower environment. Although localized mud-rich 
deposits in other sections of Tampa Bay, . such as those in central Upper Tampa 
Bay (Figs. 2 and 3), have not previously been correlated to bathymetry, a 
similar relationship may be expected. 
In comparing data collecte.d during 1961-1965 (Fig. 3) with more recent 
data (Fig. 2) there have been no discernable differences. There probably have 
been subtle changes, however, that are not discernable by comparing available 
data sets. 
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Calcium Carbonate Content 
Calcium carbonate content (%C03) of the sediment is essentially a 
determination of the general composition, or mineralogy, of the sediment and 
is a standard sedimentological descriptor. Calcium carbonate in these 
sediments originates principally from marine animal shell material, and 
therefore its content is useful for determining the origin of sediments and 
processes affecting their distribution. Calcium carbonate content is 
consistently reported as weight %C03 in dry sediments. Although there are 
different methods available for analysis they are generally considered 
comparable. 
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Figure 4 is a map of the modern, or recent surface distribution of 
calcium carbonate synthesized from Lewis (1976), Doyle, et al. (1985), 
Wade-Trim, Inc. (1988), and Brooks and Doyle (1989) (See Table 1). Once 
again, the most extensive modern data set is Doyle, et al. (1985), which was 
subsequently chosen for the basis of modern distribution. Figure 5 shows the 
1961-1965 distribution of %C03 in sediments. 
Both historic and modern data sets show similar distribution patterns 
with generally higher i.C03 in the open bay and toward the bay mouth (Figs. 4 
and 5). Calcium carbonate content is generally higher in areas of low % mud 
because calcium carbonate detritus is principally in the sand or larger size 
ranges and, therefore, signifies well flushed, more open marine conditions and 
a lack of dilution by fine-grained terrigenous clastic input (Goodell and 
Gorsline, 1961; Doyle, et al., 1985). 
Local accumulations of C03-rich sediments intercalated in Hillsborough 
Bay and around the periphery of the bay (Figs. 4 and 5) may represent 
localized biological communities such as oyster bars, or winnowing and 
deposition during high energy events such as storms (Brooks and Doyle, 1989). 
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Total Organic Carbon 
Total organic carbon (TOC) is a measure of the percent by weight (dry) of 
organic carbon in sediments. It is a standard sedimentologic descriptor, and 
because organic matter in sediments is often associated with contamination, 
the distribution of TOC in Tampa Bay sediments will be important for 
determining 'hot spots' of potentially contaminated sediments. 
Since different methods exist for measuring TOC and results from each 
method are not comparable to one another, they are each presented here 
separately. Figure 6 shows the modern distribution of TOC in sediments as 
determined by measuring the CO2 evolved following combustion, synthesized from 
Doyle (1975), Lewis (1976) and Doyle, et al. (1985). Figure 7 shows the 
modern distribution of TOC in sediments as determined by the loss on ignition 
(LOI) method synthesized from Dauer (1980), Culter (1982), Bromwell and 
Carrier, Inc. (1987), Wade-Trim, Inc. (1988), and Brooks and Doyle (1989). 
- -
Figure 8 shows the 1961-1965 distribution of TOC in sediments as determined by 
the loss on ignition method as reported in Taylor, et al. (1969). 
From Figures 6 and 7 it is evident that values resulting from the LOI 
method are higher than the CO2 method but they show the same general pattern. 
Highest values appear to be located in Hillsborough Bay and coincide with 
mud-rich deposits in the upper reaches and west central portion of the Bay. 
There also appears to be a general decrease toward the open Bay and Bay mouth 
similar to the patterns of mud-rich sediments. Once again, values appear to 
be elevated along the periphery of the Bay. The apparent correlation of TOC 
with mud~rich deposits is not unexpected and is consistent with the current 
concepts that they respond hydrodynamically in similar fashion. 
Historic (1961-1965) data show similar general patterns of distribution 
(Fig. 8) to the modern. However, when comparing historic values (Fig. 8) to 
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modern values resulting from the same method of analysis (Fig. 7), modern 
values in central Hillsborough Bay are consistently higher. These elevations 
may be significant and represent an increase in the input and deposition of 
organic matter in Hillsborough Bay, or may simply be an artifact of the 
sampling process or reflect the patchyness of the distribution, but certainly 
warrant further investigation. Brooks and Doyle (1989) report no noticeable 
alterations in sediment parameters, including TOC, up-core from cores 
collected from Hillsborough Bay, but their sampling interval was 20 cm and 
possibly was not of sufficient resolution to detect near surface variations. 
Discussion 
Surface sediments in Tampa Bay consist of a mixture of sand- and mud-size 
particles composed of quartz, calcium carbonate, clay minerals and organic 
matter. Mud- and organic-rich sediments are found principally in low energy 
areas around the periphery of the Bay where they receive runoff from adjacent 
land masses. Highest values are concentrated in the upper, more heavily 
developed regions of the Bay such as dead end canals . Localized 
concentrations in the open Bay are found in bathymetric depressions, such as 
channels, once again reflecting a decrease in energy. Calcium carbonate 
content shows a general inverse relationship to 7. mud and TOC with highest 
percentages principally found in the open portion of the Bay and Bay mouth 
representing more well flushed, open marine conditions. 
With the possible exception of TOC in Central Hillsborough Bay, there 
have been no detectable alterations in surface sediment distribution patterns 
since the early 1960's. There most probably have been subtle changes, 
however, that were undetectable at the scale of the data sets synthesized. 
Expected alterations in sediment distribution patterns would be concentrated 
near areas of recent development or disturbance such as dredge and fill, etc. 
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Based solely upon sedimentological parameters, potential 'hot spots' for 
contaminants would be mud- and organic-rich sediment sinks around the 
periphery of the Bay (especially upper, most heavily-developed portions), and 
bathymetric depressions, including dredged channels, within the open Bay. The 
apparent increase in deposition of TOe in central Hillsborough Bay warrants 
further investigation. Although the surface distribution of sediments is 
fairly well documented, the vertical distribution through surficial layers 
needs to be investigated, especially in potentially contaminated deposits. 
Specified areas where efforts should be concentrated will depend upon the 
correlation of sedimentologic data with that of benthic biology, nutrients, 
organic chemistry and inorganic chemistry. Sites should be correlated with 
known or expected inputs of contaminants to the Bay, such as the 38 rivers and 
creeks carrying polluted storm water. Efforts should also be coordinated with 
other similar projects within the Bay so that there i~ no duplication. 
Additional avenues warranting investigations are the determination of 
what percentages of mud and Toe should be considered as being indicative of 
potential pollution ~ This has never been investigated and it is quite 
possible that, because mud and Toe are reported as weight %, even relatively 
small percentages may be indicative of a high potential for contamination. 
The answers to these questions will provide useful information for designing 
programs aimed at minimizing impacts of contaminated sediments on the Tampa 
Bay ecosystem. 
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NUTRIENTS IN TAMPA BAY SEDIMENTS 
Introduction 
This section of the report on Tampa Bay sediments will deal with nutrient 
distributions in the sediments and with the apparent changes in those 
distributions in the last 20-30 years . First however, we must define the 
nutrients that will be examined. A sedimentary "nutrient" is a substance 
dissolved in sediment pore waters or present in deposited particles which is 
of major importance as a food source for benthic organisms or can escape to 
the overlying water column to nourish other organisms. Primary among the 
water-column organisms that may be affected are plants: phytoplankton, 
macroalgae, etc. This section will focus on forms of nitrogen and phosphorus 
in sediments because those are the most common nutrients required by marine 
organisms. 
Nitrogen (N) and phosphorus (p) can be found in many forms in sedi-
ments, not all of which can be considered here. N can be present in pore 
waters as dissolved ammonia, nitrate, nitrite, and organic nitrogen. In 
sediments as reducing as those of Tampa Bay, the most important interstitial 
forms of N are likely to be ammonia and organic nitrogen; indeed, a recent 
REMOTS survey of all of Hillsborough Bay suggested that the depth of rapid 
transition from oxidizing to reducing conditions occurs within 5 or 6 cm of 
the sediment-water interface, and within 1 cm for many areas (SAle, 1986). 
Sedimentary nitrogen can also be present as ammonia adsorbed on deposited 
particles (Rosenfeld, 1981) or as particulate organic nitrogen, either alone 
or attached to other particles. Sedimentary phosphorus can be present as 
phosphate in pore waters, as organic P in particulate form, as dissolved 
organic P in pore waters, or as phosphate mineral species such as vivianite 
(Bray et al., 1973). 
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To distinguish all these -forms of Nand P is a considerable unde~taking, 
and established survey techniques do not come close to accomplishing such a 
task. The common techniques (e.g., APHA!! al., 1985) detect unspecified 
mixtures of the above forms of Nand P. A bulk analysis of whole sediment 
usually involves a complete oxidative chemical attack that releases and 
measures virtually all of the Nand P present in the sediment; even 
interstitial Nand P may be detected because the sediment is usually dried 
first. However, an unknown amount of interstitial ammonia may be lost or 
oxidized during drying. Total Kjeldahl nitrogen involves a high-temperature 
acid hydrolysis of sediment which releases most forms of organic nitrogen into 
solution as ammonia. Interstitial ammonia is likely to be included in this 
"released" ammonia, so that the other forms of Kjeldahl-sensitive nitrogen 
(i.e., the dissolved and particulate organic N plus ammonia adsorbed on 
sediment) have to be determined by difference, utilizing a separate 
measurement of interstitial ammonia. Frequently, total Kjeldahl nitrogen is 
considered to be a measure of the organic nitrogen present in a sediment 
although it is not always clear exactly what is being measured. Gentler 
elutriation techniques (APHA, et al.; Rosenfeld, 1981) involve the exposure of 
sediment to solutions (seawater, KC1, etc.) which leach the adsorbed or 
"readily releasable" forms of Nand P. The tacit assumption is that 
elutriated nutrients represent the forms most easily assimilated by organisms. 
Background -- the Bay 25 years ago 
In 1963, Taylor and Saloman conducted an extensive survey of total 
organic nitrogen and organic carbon in Tampa Bay sediments. They essentially 
covered all parts of the Bay (including Boca Ciega Bay and Terra Ceia Bay) and 
even the adjacent offshore sediment in the Gulf of Mexico. Total organic 
carbon and nitrogen were determined manometrically after complete combustion 
of the dried sediment samples (D. Cassidy, Fla. State Univ., pers. comm.). 
The results are presented in a data report (Taylor and Saloman, 1969). 
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Total organic nitrogen was distributed as follows (Fig. 9). Most of the 
Bay sediments (especially in Lower Tampa Bay) were very low in organic N, 
having ~0.0570. Old Tampa Bay had the highest values over a large area, 
ranging above 0.170 south of Oldsmar and above 0.270 northwest of the Interbay 
Peninsula. Very high values of more than 0.370 were found in a small area off 
the Southeast Waste Water Treatment Plant of St. Petersburg near Albert 
Whitted airport and Bayboro Harbor. At the time, this facility was only 
capable of primary sewage treatment. It was upgraded to secondary treatment 
capability in 1968. The next highest organic nitrogen was found in 
Hillsborough Bay because at least half of its bottom was covered with sediment 
. having 0.05 - 0.170 organic nitrogen. Offshore sed-iment in .the Gulf of Mexico 
was low, with most of it having <0.0570 organic N. In the Gulf and the Lower 
Bay, there were isolated pockets of slightly higher organic nitrogen 
(0.05-to-0.170 organic N). 
Ever since the discovery of the reasonably strong consistency of the 
C:N:P utilization and remineralization ratios of plankton (Redfield et al., 
1963), these ratios have been used to assess the process of nutrient cycling 
in the water column and sediments. According to the Redfield ratios, carbon 
and nitrogen should cycle in a ratio of 5.7 g C to 1 g N. Therefore organic 
matter which is reasonably unaltered and presumably of greater nutritional 
value might be expected to have a C:N ratio close to 5.7. Alteration is 
likely to produce a depletion of N relative to C; this would decrease the 
value of the organic matter as a food source and increase its C:N ratio above 
5.7. The sedimentary organic data of Taylor and Saloman (1969) are compared 
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to this standard with the following results (Table 2). The category closest 
to the Redfield C:N ratio in the Table is 0-10 gIg, and in 1963 Terra Ceia Bay 
had by far the greatest percentage of sediment samples in this category 
(87.57.). Surprisingly, next came the offshore Gulf of Mexico with 51.67. in 
the category. These two were followed in order by Upper and Lower Tampa Bay 
Proper, by Hillsborough Bay, by Old Tampa Bay, and by Boca Ciega Bay. In 
general, sediments in the head of Tampa Bay seemed to be poorer in nitrogen 
relative to carbon than those further down the Bay. Reasons for the 
difference are not immediately apparent. 
Since Taylor and Saloman did not determine any specific forms of nitrogen 
in Tampa Bay sediments, we cannot draw any conclusions about the status of 
those forms in 1963. 
Unfortunately, Taylor and Saloman also did not measure the phosphorus 
content of Tampa Bay sediments so that an easy comparison could be made with 
later sedimentary phosphorus data. The comparison would have been interesting 
in view of the fact that water-column phosphate in the Bay has decreased in 
recent years (Fanning and Bell, 1985). 
Tampa Bay Now -- the FDER and City of Tampa Studies 
The Florida Department of Environmental Regulation completed a study of 
organic carbon, nitrogen, and phosphorus in Tampa Bay sediments between 1982 
and 1986. Also, the Bay Study Group of the City of Tampa's Sanitary Sewers 
department conducted a survey of the same variables in Hillsborough Bay 
sediments in 1986. While not quite as extensive in coverage as the previous 
study of Taylor and Saloman (1969), the FDER work obtained data from three of 
the areas of the Bay during two field studies: the Deepwater Ports Study in 
1982-4 and the Hillsborough Bay Study in 1986. The three areas are Old Tampa 
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Table 2. The relative distribution of organic carbon to organic nitrogen ratios (C:N) in 
sediments from the Tampa Bay area. See map in Fig. 1 for location of 
sub-regions. 
Percentage of SamEles in a C:N Category 
SamEling Location Date 0-10(g/g) 10-20(g/g) 20-30(g/g) 30-40(g/g) >40(g/g) 
Old Tampa Bay 1963 18 . 2 72.7 6.1 3.0 0 
1984 33.3 0 66.7 0 0 
Hillsborough Bay 1963 23.5 52.9 11.8 5.9 5.9 
1986 32.5 57.8 7.2 1.2 1.2 
Upper Tampa Bay Proper 1963 31.1 39.3 13.1 6.6 9.8 
1982-6 8.3 50 . 0 25.0 16.7 0 
Lower Tampa Bay Proper 1963 33.7 39.5 11.6 4.6 10.5 
1985 
Boca Ciega Bay 1963 0 32.1 17.9 50.0 0 
1985 
Terra Ceia Bay 1963 87.5 12.5 6 0 0 
1986 66.7 33.3 0 0 0 
Gulf of Mexico 1963 51.6 48.4 0 0 0 
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Bay (4 locations in its southern portion), Hillsborough Bay (approximately 70 
locations in 1986), and Upper Tampa Bay Proper. FDER also made a few 
measurements in the Port of Tampa, Mackay Bay, Terra Ceia Bay, San Miguel Bay, 
Port Manatee, and the mouths of the Little Manatee and Alafia rivers. 
The variables of interest to FDER in the sediments were total Kjeldahl 
nitrogen, total phosphorus, and total organic carbon. The variables of 
interest to the City of Tampa workers were total sedimentary nitrogen, 
phosphorus, and organic carbon. All measurements by both groups of workers 
were made on dried sediment samples; so the results are on the same weight 
basis as the Taylor and Saloman data. However, the possibility that some 
sedimentary nitrogen was not detected by FDER cannot be excluded, and their 
nitrogen results must be considered underestimates relative to the Taylor and 
Saloman data and the City of Tampa data. 
The composite picture of the 1980's distribution of sedimentary nutrients 
in the Bay was taken from technical reports (FDER, 1988; COT, 1986) and from 
personal communications with S. Schropp and F. Calder of FDER and R. Johansson 
of the City of Tampa. 
The broad-scale picture of Kjeldahl nitrogen distribution in Tampa Bay 
sediments in the 1980's i.~ shown in Figure 10. Although there are not nearly 
enough data points for a thorough comparison with Taylor and Saloman's work 
nearly 25 years earlier (Fig. 9), some aspects of the distribution seem not to 
have changed much in that interval. The middle portion of the sediments of 
Upper Tampa Bay Proper still had 0.1 - 0.2i. nitrogen in the early 1980's, and 
the southern portion of Old Tampa Bay sediments still had about 0.1i. nitrogen 
adjacent to the Interbay Peninsula. A large change appears to have taken 
place in Hillsborough Bay sediments since 1961 because at that time the toxal 
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organic nitrogen was mostly 0.05 - 0.17. and now the Kjeldahl nitrogen has 
climbed above 0.37.. 
To investigate nitrogen changes in Hillsborough Bay further, a more 
detailed contour map of sedimentary nitrogen was prepared from FDER and City 
of Tampa data, recognizing that the two data sets are not strictly comparable 
since FDER did not measure total nitrogen. Notwithstanding, a coherent 
picture emerged (Fig. 11) in which a large, nitrogen-rich (at least 0.37.) 
section of Hillsborough Bay sediment occupies the southern portion of the Bay 
between Catfish Point and two spoil islands. Nothing like this region was 
found in 1963 (Fig. 9), and the increase in sedimentary nitrogen appears to 
have been as much as 6-fold in a period of 23 years. Two sewer outfalls are 
located along the portion of the Interbay Peninsula that contains Catfish 
Point (SAIC, 1986), and increased outputs from these sources due to population 
growth in the last 20 - 30 years (Fig. 6 in Clark and MacA~ley, 1989) may have 
resulted in an enhanced nitrogen loading in the adjacent sediment. Of course, 
other factors may have played a role as well, and futUre research would 
probably be necessary to determine the most important ones. It should however 
be noted that the high nitrogen levels in Figure 11 could in fact be 
underestimates because FDER only determined Kjeldahl nitrogen. 
Some other features of Figure 11 are worth noting. There is a small 
region of very high sedimentary nitrogen just west of Davis Island with values 
reaching up to 1.0 7.. Taylor and Saloman's data did not indicate that it 
existed in 1963 (Fig. 9). Figure 11 also shows a few even smaller areas of 
high nitrogen such as in the Alafia river mouth; they might have been present 
in 1963 but not have been detected by the sampling pattern. In the northwest 
portion of the bay, there seems to be a region of lower «0.17.) sedimentary 
nitrogen completely surrounded by the high nitrogen regions just discussed. 
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The explanation for its presence is not immediately obvious but could prove to 
be worth pursuing. 
Overall, the current picture of Hillsborough Bay as revealed in Figure 11 
provides a strong indication of nutrient enrichment in the sediments, and 
recent input of organic matter directly or indirectly produced by human 
activities is a prime candidate for the source. 
Carbon:nitrogen ratios were calculated for the 1980's sediment samples to 
evaluate their possible usefulness as a food source. The same 5.7 g C/g N 
standard was applied as in the case of the 1963 sediment samples. The results 
for both sets of samples are compared in Table 2. 1984 samples from Old Tampa 
Bay had a greater percentage in the best (i.e., most nitrogen-rich) category 
of 0-10 gig: 33.3% vs 18.2% in 1963. However there were only four closely 
spaced samples in the 1984 set; so we cannot be certain that the results apply 
to all of Old Tampa Bay. Such uncertainty does not exist for Hillsborough 
Bay. The large number of 1986 samples (almost 70) demonstrates that a greater 
fraction of Hillsborough Bay sediment had C:N ratios in the 0-10 gig category 
than in 1963: 32.5% vs 23.5%. The same situation was also true for the 10-20 
gig category. The three nitrogen-poor C:N categories contained a lower 
percentage of sediment samples in 1986 than in 1963. The reverse situation 
was true for the sediments from Upper Tampa Bay Proper. Its 0-10 gig category 
had a considerably smaller percentage of samples in the early 1980's than in 
1963, and its nitrogen-poor categories (with the exception of the last) were 
considerably increased in importance. For Terra Ceia sediments, only a few 
samples were taken in 1986, and the differences in Table 2 may not be 
significant. Perhaps the most interesting outcome of this comparison over the 
last 20-25 years is that, in addition to more organic nitrogen being deposited 
in Hillsborough Bay, it has not been "diluted" proportionally with organic 
carbon. Thus it may ultimately provide a more suitable food source for 
benthic and water-column organisms than in the past. 
Next, we consider the phosphorus in Tampa Bay sediments. As already 
mentioned, Taylor and Saloman (1969) did not measure sedimentary phosphorus; 
so there is essentially no adequate reference data set to compare with current 
data. FDER (1988) provided enough data to yield a preliminary picture of the 
broad-scale P distribution in Tampa Bay sediments between 1982 and 1986 (Fig. 
12). Although sketchy, the FDER data do seem to be enough to indicate some 
sort of maximum in sedimentary phosphorus (0.1-0.370) just to the south of the 
Interbay Peninsula in Upper Tampa Bay Proper. There seems to be a 
considerable range of values because this maximum region has an average value 
of 0.25270 (std. dev. = 0.12670) while the low-phosphorus region in Upper Tampa 
Bay Proper and the southern part of Old Tampa Bay has an average value of 
0.01370 (std. dev. = 0.01370). The contours in Figure 12 also indicate that 
Hillsborough Bay has much more sedimentary phosphorus than the rest of Tampa 
Bay. Unfortunately, there are very few data for Lower Tampa Bay Proper, the 
offshore Gulf of Mexico, most of Old Tampa Bay, and some of the marginal bays 
connecting with Tampa Bay. 
Both FDER and the Bay Study Group of the City of Tampa investigated 
Hillsborough Bay sedimentary phosphorus rather extensively in 1986, and the 
composite picture that resulted is shown in Figure 13. The most prominent 
feature of this picture is the large variability of the phosphorus values. 
The range is over two orders of magnitude, from 0.001 to 0.8£ P, and the 
distribution seems to take the form of a few "islands" of high sedimentary 
phosphorus surrounded by a "sea" of much lower values. In the figure, the 
islands with the highest phosphorus values are cross-hatched, with an average 
value of 0.34670 (std. dev. = 0.19770). By comparison, the low-phosphorus 
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region around the islands has an average value of 0.0207. (std. dev. = 0.0217.). 
The highest value of all is in the mouth of the Alafia river (0.8077.), 
possibly because of a previous man-induced mineralization of those sediments 
(Taft and Martin, 1974) which is still present. 
Based on the available data for Tampa Bay (excluding marginal bays, 
ports, channels, etc.), the average sediment contains 0.0687. P (std. dev. = 
0.1347.). This average is heavily skewed by the large number of Hillsborough 
Bay samples, and the fact that the standard deviation is much larger than the 
average demonstrates the variability within the data. Obviously, much more 
needs to be done to improve our knowledge of sedimentary phosphorus within the 
Bay. 
Nutrient Releasability from Tampa Bay Sediments 
As mentioned, the analytical procedures used in Tampa Bay surveys of 
sedimentary nitrogen and phosphorus did not distinguish the reactive or mobile 
forms of Nand P from the inert, immobile forms. Thus we cannot be certain 
that Bay sediments with higher levels of Nand P are having any greater impact 
on benthic biota or the overlying water column than Bay sediments with lower N 
and P levels. The Nand- P enrichments discussed above for different places in 
the Bay or for the same places at different times may have simply been the 
result of an increased rate of storage of inert forms in the sediments. In 
order for proper management decisions to be made concerning increased organic 
loadings in sediments, managers must be able to predict whether those loadings 
will produce a greater supply of usable nutrients or merely reside in place. 
In an effort to evaluate the fractions of sedimentary nutrients that 
are most likely to escape and/or be biologically reactive, investigators 
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have used various elutriation techniques. The general approach is to place a 
known amount of sediment in contact with a solution that simulates to some 
degree the natural medium into which the sediment might release nutrients. 
The sediment should be in as close to a natural condition as possible because 
storage or procedures like drying can alter the forms of Nand P present. As 
an example, even a few minutes of exposure of reducing sediment to atmospheric 
oxygen can convert reduced forms of nitrogen to nitrate (Fanning and 
Maynard-Hensley, 1980). Normally the sediment sample is shaken in the 
solution for some specified period of time, and the increase in the 
concentration of the forms of Nand P being studied is measured in the 
solution. Local seawater might be used as the elutriation solution for 
estuarine sediments, but a simpler procedure is to use a single-salt solution 
that simulates the ionic medium of seawater. Rosenfeld (1981) used 2 molar 
KCl for this purpose when studying adsorbed ammonia on Long Island Sound 
sediments, in part because it is a standard solution for the determination of 
cation-exchange capacities of clay minerals. 
With the support of the Bay Study Group of the City of Tampa, the USF 
Marine Science department performed elutriation studies on sediments from two ' 
locations in Hillsborough Bay. The two locations are the Bay Study Group's 
station 4 (composed of dark-brown to black, fine-grained, sulfide-smelling 
mud) and a nearby station called EPA-4 (cqmposed mostly of light-gray to 
dark-brown sand). Positions for these locations are shown in Figure 13. 
Cores were taken from the two locations during the dry season in March of 1983 
and 18 months later during the rainy season in September of 1984. The cores 
were sealed air-tight, returned to the USF laboratory, and extruded and sliced 
under nitrogen to avoid air exposure. Under nitrogen, interstitial waters 
were then extracted from portions of the slices for interstitial nutrient 
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determinations. Additional portions of the slices were shaken in an 
elutriation solution for several hours to determine the vertical profiles of 
releasable nutrients in the upper 30 cm of the two types of sediment. The 
solution used was 1 normal KCl instead of 2 normal KCl as used by Rosenfeld 
(1981) because the ionic strength of 1 normal KCl is much closer to that of 
seawater: 0.68 mol/i. Further details of the 1983 sampling and the techniques 
used in both samplings are provided in USF (1983). 
Readily releasable ammonia profiles were determined for sediments at the 
two stations for both the rainy season (Sept.) and the dry season (March). 
The combined results (Fig. 14) suggest that the season makes very little 
difference in the abundance of readily releasable ammonia at either station 
below 5 cm depth. The most important factor below that depth seems to be the 
sediment type because the fi~er-grained mud at Station 4 has 10 or more times 
as much readily releasable ammonia as the sandy sediment at Station EPA-4. 
Although total ~rganic carbon or nitrogen measurements were not made on the 
cores, we may presume that the mud cores contained more organic matter because 
they had a ·dark color throughout whereas the sand cores were a light grey 
color in the upper 20 cm or so. Thus it would seem that the more organic 
matter and fine-grained particles present, the greater the supply of 
releasable ammonia. In the future, this type of study should be continued and 
improved upon by including studies of the organic matter and mineralogy of the 
sediments. 
It is interesting that, above 5 cm, the abundance of readily releasable 
ammonia seems to be less influenced by sediment type because the distributions 
of circles and triangles in Figure 6 tend to overlap there. However, this 
situation was not true for all depths in the upper 5 cm. The vertical 
profiles for both sediment types above 5 cm were so erratic in both the dry 
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and the wet season that the degree of overlap was also erratic. An important 
reason may be bioturbation by organisms, whose burrows are known to cause very 
intense local chemical effects in the upper 5-to-10 cm (Aller, 1982). Thus, 
future work on releasable ammonia should also include studies on 
benthic-organism behavior. 
Reliable data on readily releasable phosphate were only obtained for the 
wet season sampling in Sept. of 1984. These results (Fig. 15) posses some of 
the same trends as found for ammonia. Below 5 cm, the profiles in both 
sediment types are reasonably constant, with the mud core having about 3 times 
as much releasable phosphate as the sand core. Above 5 cm however, there are 
strong differences between phosphate and ammonia because, unlike the 
releasable ammonia profiles in Figure 14, the releasable phosphate profiles 
for both sediment types increase sharply toward the sediment-water interface. 
There is no overlap of the type shown by the releasable ammonia profiles. For 
both sand and mud sediment types, the readily releasable phosphate at the 
sediment water interface is 2-to-3 times that below 5 cm, and the profiles are 
much smoother in the upper 5 cm than the ammonia profiles are. Figure 15 is 
for only one sampling of two sediment types in Hillsborough Bay, and it is 
obvious that there is much more to be learned about the similarities and 
differences between readily releasable ammonia and phosphate. 
A preliminary calculation provides estimates of the fractions of the 
total nitrogen and phosphorus at Stations 4 and EPA-4 that are present in 
readily releasable form in the uppermost sediment layers. From Figures 14 and 
15, we may select the uppermost releasible P04-P values to be 1.9 and 3.5 
micrograms/gram wet sediment for the sand and mud cores, respectively, and the 
uppermost releasible NH3-N values to be 8 micrograms/gram wet sediment for 
both the sand and mud cores. If we assume a porosity of 75 volume i. and a dry 
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solids density of 2.6 g/ml for both sediment types, those values become 4.1 
and 7.6 micrograms P04-P/gram dry sediment for the sand and mud cores, 
respectively, and 17 micrograms NH3-N/gram dry sediment for both the sand and 
mud cores. From the data used to prepare Figures 11 and 13 for Hillsborough 
Bay sediments, rough estimates for the total Nand P in the sand and mud cores 
on a dry weight basis are as follows: 
sand -- 900 ppm Nand 100 p~m PI 
mud -- 1000 ppm Nand 1020 ppm P. 
Comparisons of the total and releasable Nand P in the sand and mud cores then 
suggest that (1) in the sand core 1.97. of the total N was releasable as 
ammonia and 47. of the total P was releasable as phosphate and (2) in the mud 
core, 1.77. of the total N was releasable as ammonia and 0.77. of the total P 
was releasable as phosphate. In general, these initial results indicate that 
at best only a few percent of the Nand P in Hillsborough Bay sediments · may be 
easily utilized by benthic or water-column organisms. However, it should be 
strongly noted that these results and the estimates derived from them are very 
tentative; both are presented here to demonstrate the important information 
that can and should be obtained about the reservoir of nutrients in 
Hillsborough Bay and all of Tampa Bay. 
Nutrient Fluxes from Tampa Bay Sediments 
Unfortunately, the knowledge that Tampa Bay sediments contain nitrogen 
and phosphorus and that measurable fractions of that Nand P can be released 
to laboratory solutions does not guarantee that Nand P are actually being 
released or having an impact. One way to assess the possibility of an impact 
is to investigate the actual diffusion of ammonia and phosphate from 
sediments. If diffusive fluxes of NH3 and P04 can be measured or estimated. 
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then the potential effects of the sediments on the water column can also be 
estimated. 
In Tampa Bay, this kind of study has only been conducted in the last five 
years, but the rudimentary results are promising. As before, Hillsborough Bay 
was a principal study region, and the work was done by the City of Tampa Bay 
Study Group (Johansson and Squires, 1989) and the University 6f South Florida 
(USF, 1983). USF also investigated nutrient fluxes out of Bayboro Harbor 
sediment (Young, 1984). ? 
I 
The two teams utilized the differing approaches that are ~;cal of 
research on sedimentary diffusive fluxes today. The Bay Study Group installed 
benthic chambers over a sandy sediment at their Station 7 and over a muddy 
sediment at their Station 4 (see Fig. 13). They followed the changes in 
dissolved NH3 and P04 concentrations in the bottom waters trapped within the 
~hambers and, from graphs of the concentrations against time, calculated NH3 . 
and P04 fluxes across the sediment-water interfaces at the two locations. USF 
calculated concentration gradients across the sediment-water interfaces at 
Stations 4 and EPA-4 (Fig. 13) and at a Bayboro Harbor station. They used 
interstitial NH3 and P04 concentrations from cores and bottom-water NH3 and 
P04 concentrations for those locations. Multiplication of the gradients by 
known values of interstitial diffusion coefficients (Krom and Berner, 1980) 
gave estimates of the NH3 and P04 fluxes out of the sediments. The Bay Study 
Group obtained data for both wet and dry seasons in 1986, and USF obtained 
data for the dry seasons in 1980 (Bayboro Harbor) and 1983 (Hillsborough Bay). 
Table 3 presents the results combined for comparison. The first six 
columns of data list the porewater nutrient concentrations in the top 
centimeter and the overlying bottom water concentrations from the USF work . 
It is clear that porewaters in both Hillsborough Bay and Bayboro Harbor are 
Table 3. Comparisons of measured fluxes of nutrient nitrogen and phosphorus from sediments in Tampa Bay. The regions 
studies were: 
1. Hillsborough Bay (HB), chamber* and interstitial** 
2. Bayboro Harbor (BH), interstitia1*** 
Dissolved Concentrations ~~) 
T02 cm of Porewater Bottom Water 
Nutrient HB(sand) HB(mud) BH HB(sand) HB(mud) 
NH3 160 210 2350 20 20 
P04 37.5 104 225 15 15 
N:P 4.3 2.0 10.4 1.3 1.3 
(mol/mol) 
* Johansson and Squires (1989) -- wet and dry season. 
** USF (1983) -- dry season only. 
*** Young (1984) -- dry season only. 
BH 
2 
14.5 
0.1 
-2 -1 Fluxes (~ol m h )--(+) means upward 
HB, interstitial HB, chamber 
Sand Mud Sand Mud 
Wet Dry Wet Dry 
28.3 128 396 111 573 121 
1.7 20.9 137 10 104 -23 
16.6 6.1 2.9 11.1 5.5 -5.3 
BH 
576 
166 
3.5 
U1 
00 
strongly enriched in NH3 and P04 , with Bayboro Harbor having by far the 
largest enrichment. The next six columns of data present the values and . N:P 
molar ratios for the NH3 and P04 fluxes at the various locations studied. 
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Because of the sampling protocols, the only direct comparisons that are 
possible are for Hillsborough Bay between the DB, interstitial fluxes and 
ratios from USF and the DB, chamber fluxes and ratio for the dry season from 
the Bay Study Group. For the sandy sediment, the DB, interstitial fluxes seem 
to be about 1/5 of the DB, chamber fluxes (28.3 vs 111 and 1 . 7 vs 10). For 
the muddy sediment, the NH3 fluxes agree (128 for DB, interstitial and 121 for 
DB, chamber), and the P04 fluxes markedly disagree (20.9 for DB, interstitial 
and -23 for DB, chamber). Most of the molar N:P flux ratios are much less 
bhan the lIacceptedll 16:1 Redfield ratio, probably because of denitrification 
in the sediments (Nixon, 1981). 
Based on Table 3, the two approaches to evaluating sediment fluxes might 
appear to be incompatible . Only one of the direct comparisons showed any 
agreement, and another comparison had phosphate being released by the sediment 
according to the interstitial approach and being consumed by the sediment 
according to the chamber technique. There are, however, some plausible 
explanations. First, the Bay Study Group and USF sampled in Hillsborough Bay 
in different years, and there is absolutely no guarantee that nutrient release 
rates will be the same from year to year . . Next, Figure 16 shows the 
interstitial phosphate profiles from the sand (EPA-4) and mud (Sta 4) cores 
sampled by USF. Notice that between 4 and 9 cm depth, the interstitial 
phosphate concentration decreases about 407. in the mud core. Such a 
phenomenon strongly implies a downward phosphate diffusion between 4 and 9 cm 
depth and a consumption of phosphate at around 9 cm. There are no ancillary 
data that would identify that consumption reaction, but it is certainly 
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possible that, three years later when the benthic chamber study was conducted 
at Sta 4, the consumption was occurring at the sediment-water interface 
instead of deeper in the mud. Finally, the two approaches measure fluxes on 
different time scales. A benthic chamber is in place for a few hours at most 
and thus measures fluxes as a "snapshot" which is valid only for a few hours. 
The technique of using interstitial concentrations to estimate fluxes 
integrates over a few centimeters, and diffusion takes days to occur over that 
distance. It would be quite reasonable then for the two approaches to give 
different answers under certain circumstances. 
Bayboro Harbor sediments seem to have released NH3 and P04 at rates that 
compared favorably with the highest observed for Hillsborough Bay, which 
occurred in the wet season. The probable reason for this agreement is 
temperature. The wet season is the summer warm season when bacterial 
nutrient 4 regeneration activities should be higher, and the Bayboro 
Harbor work was done in October before any autumn cooling of the water column. 
The following conclusions may be drawn from this comparison of nutrient 
fluxes out of Tampa Bay sediments. First, there is no reason to prefer one 
-
approach over the other. The one to use depends on the questions being asked. 
Ideally, both approaches should be applied, and they should certainly be 
applied to many other places in the Bay. Three sites in Hillsborough Bay plus 
one in Bayboro Harbor do not represent the impact of Tampa Bay sediments! 
Next, even though there were disagreements, both approaches seemed to indicate 
a potentially strong effect of the sediment-derived Nand P on the Bay's water 
column. Johansson and Squires (1989) suggested that sediment fluxes could 
supply 347. of the nitrogen and 1407. of the phosphorus required by local 
phytoplankton. USF (1983) estimated that ammonia fluxes from Hillsborough Bay 
sediment could replace the water-column ammonia in 18-24 days if the top 10 cm 
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of sediment were releasing ammonia. Young (1984) estimated that ammonia and 
phosphate from Bayboro Harbor sediment could replace the water-column ammonia 
in 1-14 days and the water-column phosphate in 200 days. 
Conclusions 
Surveys of Forms of Nutrients: Both the past and the recent surveys of 
nutrients in Tampa Bay sediments have been inadequate. Past surveys did not 
define the forms of Nand P present, and recent surveys both lacked the 
coverage of past surveys and also failed to measure the concentrations of 
sedimentary forms of Nand P. Thus, assessing the temporal and spatial 
changes in "reactive" or "releasable" sedimentary nutrients is very difficult. 
Adequate monitoring of the sediments for management purposes will not be 
possible until a regular progr~ of sediment nutrient surveys is inaugurated 
throughout the Bay and its subsidiary water bodies, with more discer~ing 
analytical techniques being employed. Both interstitial and particulate forms 
of Nand P should be measured. 
Nutrient Diffusion: There must be a comprehensive program for measuring 
the diffusion of forms of sedimentary Nand P across the sediment-water 
interface., Both benthic chambers and interstitial nutrient profiles should be 
utilized for maximal coverage of time scales. 
Nutritional Value: An effort should be made to determine the "quality" 
of Tampa Bay sedimentary organic matter as a source of nutrients for benthic 
organisms. 
Benthic Behavior: Support studies should be conducted on the effect of 
the mixing and ventilation of Tampa Bay sediments by benthic organisms. This 
activity could greatly increase the depth of sediments from which nutrients 
are released to impact the Bay. 
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KineralolY: Some effort should be made to evaluate the distribution of 
clay minerals and other minerals in Bay sediments that can serve as sites for 
diagenetic reaction of nutrients like phosphate and/or as sites for adsorption 
of forms of Nand P. 
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HYDROCARBONS IN TAMPA BAY SEDIMENTS 
Introduction 
By definition, hydrocarbons are those organic molecules containing only 
the elements carbon and hydrogen. They are produced both biogenically and 
geochemically in terrestrial and marine systems. Geochemically produced 
hydrocarbons are . most often considered as being related to fossil fuel 
compounds such as coal, shale, tar sands or petroleum. In addition to these 
naturally produced compounds, man has created a set of synthetic hydrocarbon 
derivatives which contain Cl, S, and P, and include herbicides, fungicides, 
insecticides, molluscicides and bacteriocides. These groups of compounds are 
collectively referred to as IIpesticides ll • The longest-lived pesticides, and 
those which appear capable of accumulating in the marine environment, are the 
chlorinate~ derivatives of the hydrocarbons. 
Due to the relatively refractory nature of_petroleum and chlorinated 
hydrocarbons, many of these compounds are not readily degraded by bacteria and 
can remain intact in the sediments for several years. Other synthetic 
chlorinated hydrocarbon derivatives, such as polychlorinated biphenyls (PCBs) 
are produced for industrial use and are not used as pesticides. These also 
are among the most toxic hydrocarbons known. Many pesticides-belong to a 
group of organophosphorus or organosulfur compounds that contain no chlorine 
atoms. These molecules may be just as toxic as the chlorinated hydrocarbons, 
but are generally less stable in the environment and are much more rapidly 
degraded than their chlorinated analogs. Hence, they generally do not 
represent as great a threat to the marine environment as the chlorinated 
pesticides. 
Since chlorinated hydrocarbons and petroleum hydrocarbons can both cause 
significant environmental stress in the marine environment, it is imperative 
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that we understand the nature and extent to which these compounds are 
impacting the ecosystems of Tampa Bay. Without this information, the health 
and future of the Tampa Bay environment cannot be judged with assurance. 
Pesticides and Polychlorinated Biphenyls 
Very few studies have been conducted to analyze pesticides and other 
chlorinated hydrocarbons in Tampa Bay. Most analyses of these compounds have 
been carried out as part of harbor or channel dredging projects. The few data 
that are available are therefore very site-specific and are not necessarily 
representative of the Bay as a whole. There have been no comprehensive areal 
studies of these compounds in Tampa Bay. A list. of pesticides and other 
chlorinated compounds that have been analyzed in the few studies available are 
listed in Table 4. Results of these studies are summarized in the following 
paragraphs and reported graphically in Figures 17, 18 and 19. 
Between 1971 and 1973, chlorinated hydrocarbons were analyzed by the u.s. 
Geological Survey (USGS) prior to the Tampa Harbor Deepening Project. Samples 
were collected primarily from the main Tampa Bay shipping channel. Results of 
these studies have been briefly reviewed by Simon (1974) and Van Vleet (1985). 
The major pesticides detected in sediments during this study were DDT and its 
breakdown products DDD and DDE. These compounds were generally present at 
-1 
concentrations of less than 1 ppb (ng g ). The maximum DDD concentration of 
7.7 ppb was observed near the mouth of Hillsborough Bay. The decrease in DDD 
concentration at nearby stations indicates that the higher DDD concentration 
was a localized condition and was not representative of the rest of the Bay. 
The only other pesticide detected in these sediments was Dieldrin and was 
observed at only one station (upper Tampa Bay) at a concentration of 0.4 ppb. 
In addition to these pesticides, polychlorinated biphenyls (PCBs) were 
Table 4. Pesticides and other chlorinated hydrocarbons analyzed in various 
studies of Tampa Bay sediments. 
Organochlorine Compounds 
Aldrin 
Dieldrin 
Chlordane 
DDT p,p 
DDT o,p 
Dilan-I 
Endosulfan I 
Endosulfan II 
Endrin 
Heptachlor 
Lindane 
Myrex 
Methoxychlor 
Polychlorinated Biphenyls 
Toxaphene 
Organophosphorus Compounds 
Demeton I 
Demeton II 
Guthion 
Malathion 
Ethyl Parathion 
Methyl Parathion 
Ronnel 
Trithion 
Carbamate Compounds 
Sevin 
Baygon 
Aminocarb 
Fenuron 
Methiocarb 
Monuron 
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TAMPA 
TOTAL DDT's 
o NONE DETEC TED 
e <1 ng/g 
- \ (. 
<D 1-10 ng/g 
• 10-235 ng/g 
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N 
••••• 
o 10 
KILOMETERS 
TAMPA 
o <D 
TOTAL PCB's 
o NONE DETECTED 
e <1 ng/g 
,( , \. '11 
t" ' 1 
CD 1-10 ng/g 
• 10-680 ng/g 
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<D 
<D 
N 
. . . -. 
o 10 
KILOMETERS 
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TAMPA 
N 
o 
o • • • • • 
o 10 
KILOMETERS 
PESTICIDES OTHER THAN DDT's &PCB's 
o NONE DETECTED 
e <1 ng/g 
CD 1-10 ng/g 
• 10-13 ng/g 
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detected in Hillsborough Bay and upper Tampa Bay at concentrations averaging 
about 10 ppb. These concentrations are generally similar to, or less than, 
chlorinated hydrocarbon concentrations reported for other areas in the Gulf of 
Mexico (Duke et al., 1970; Giam et al., 1978). 
In contrast to these relatively low levels of pesticides and PCBs found 
in the main shipping channel, much higher concentrations of these compounds 
were found in East Bay. Concentrations were generally 10 to 100 times higher 
in East Bay than in the main shipping channel. East Bay apparently acts as a 
settling basin for most of the pesticides which enter East Bay from 
anthropogenic sources such as municipal and industrial wastes. The pesticides 
appear to accumulate in the bottom sediments and are not rapidly flushed out 
into Hillsborough Bay and Tampa Bay. 
In 1971 and 1972, the Tampa Electric Company (TECe) analyzed pesticides 
in sediments from several stations around Tampa Bay (U.S. Army"Engineer 
District Jacksonville, 1974). "Moderate to high levels" of Toxaphene, 
Trithion, DDE, 2,4-D, Ronnel, and Methyl Parathion were found in sediment 
samples collected at both their Big Bend and Beacon Key sampling areas 
(although no absolute concentrations were reported). Pesticides which were 
analyzed but not found in these samples included PCBs, DDT, Dilan-I, Endrin, 
Heptachlor, Lindane, Malathion, and Parathion. 
Over the past several years, there have been many dredging projects 
carried out for the purpose of deepening harbors or channels around Tampa Bay. 
Most of the harbor deepening projects were carried out in areas previously 
subjected to chronic industrial, municipal or shipping activities. These 
dredging projects have included such areas as Hillsborough Bay, East Bay, 
McKay Bay, Big Bend, the Alafia River and the Sunshine Skyway Bridge (Dames 
and Moore, 1983; Mangrove Systems Inc., 1983). Pesticide and PCB 
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concentrations were below detection limits in all but one of these areas. The 
only area showing substantial pesticide or PCB levels was the East Bay ~ McKay 
Bay area of upper Hillsborough Bay. This area is subject to intense shipping 
and industrial activity and it is not unexpected to find high levels of 
accumulation in this area. Total PCB's in East Bay sediments reached a 
maximum level of 680 ng/g. 
The only other study of chlorinated hydrocarbons in Tampa Bay sediments 
was carried out by Texas A&M University as part of the National Oceanic and 
Atmospheric Administration's Status and Trends Program (Texas A&M University, 
1987, 1989). As part of this program sediments were collected at four 
stations in Tampa Bay. These stations included Papys Bayou, Hillsborough Bay, 
Cockroach Bay and Mullet Key. Pesticides and PCB's in these areas were 
generally below 1-2 ng/g. In Hillsborough Bay, however PCB and DDT 
concentrations ·were both approximately 25 ng/g. PCB's also reached a value of 
about 7 ng/g in the Mullet Key station. Although the moderately high values 
in Hillsborough Bay are consistent with data from other studies, enhanced PCB 
values near Mullet Key were unexpected and reflect an unknown source in this 
area. Several other chlorinated pesticides also showed moderately high 
concentrations near Mullet Key. One possible source of these compounds is 
from a sewage treatment plant that until recently has discharged treated waste 
into this area. 
Petrogenic Hydrocarbons 
Petrogenic hydrocarbons are those compounds related to such fossil fuels 
as petroleum, refined oils, and coal. These hydrocarbons enter Tampa Bay 
through such processes as shipping losses, industrial discharges, municipal 
waste inputs, storm water runoff, and atmospheric deposition of incomplete 
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fossil fuel combustion products. Through a variety of biogeochemical 
processes, these compounds can be transported to and deposited in the 
sediments of Tampa Bay. 
Although the number of studies of petrogenic hydrocarbons in Tampa Bay 
sediments is limited, there are substantially more data available for 
hydrocarbons than there are for pesticides or PCB's. Only about four studies 
have been carried out to investigate the distribution of petrogenic 
hydrocarbons in Tampa Bay sediments using state-of-the-art analytical 
techniques (Van Vleet and Reinhardt, 1983; Brown et al., 1985; Van Vleet et 
al., 1986; Texas A&M University, 1987, 1989). Several other analyses of 
petrogenic hydrocarbons have been carried out as part of harbor or channel 
deepening projects, but in these cases only total oil and grease analyses were 
normally carried out . These analyses are based solely on the gravimetric 
determination for total lipid extracts, which mayor may not be the result of 
petrogenic inputs. Although these data are difficult to compare with the 
other studies, they are included in this report as a basis for comparison. 
Results of all available hydrocarbon studies are summarized in the following 
paragraphs and reported graphically in Figure 20. 
The earliest areal study of hydrocarbons in Tampa Bay was carried out by 
Van Vleet and Reinhardt (1983). This study included the analysis of ten 
surface sediment samples collected at various locations throughout the Tampa 
Bay estuary. Total hydrocarbons concentrations in these sediments averaged 
-1 2.9 ± 3.2 ~g g Slightly elevated concentrations were seen only in 
Hillsborough Bay. These sedimentary hydrocarbon concentrations were very 
similar to those reported by Gearing et al. (1976) for continental shelf 
sediments taken at ten stations located just outside Tampa Bay (average 4.1 + 
1.5 ppm). The hydrocarbon levels in Tampa Bay sediments, however, were much 
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TAMPA 
N 
••••• 
o 10 
KILOMETERS 
TOTAL HYDROCARBONS 
o <10"g/g e 10-20"g/g CD 20-40"g/g • >40"g/g 
* OIL & GREASE (>100 "g/g) 
lower than values report~d for other anthropogenically impacted estuarine 
surface sediments around the U.S. 
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Another study of petroleum hydrocarbons was carried out by Brown et al. 
(1985) using samples collected from twelve stations in the Hillsborough River 
and upper Hillsborough Bay. Results of this investigation showed that 
hydrocarbon concentrations throughout the Hillsborough River ranged from 152 
to 485 pglg and decreased to a level of 77 pglg at a station in upper 
Hillsborough Bay. The authors attributed these high hydrocarbon levels to 
urban stormwater runoff sweeping used crankcase oil from the roads into the 
river via storm drains. Values in upper Hillsborough Bay were similar to 
those reported for this area by Van Vleet et al. (1986) in a later study. 
The most comprehensive areal study of hydrocarbons in Tampa Bay was 
conducted by Van Vleet et al. (1986) as part of the Tampa Bay Hydrocarbon 
Study funded by the Flor~da Department of Natural Resources (Doyle et al., 
1985). During this study, 99 surface sediments and 3 cores were analyzed from 
around Tampa Bay. Total hydrocarbon (THC) concentrations ranged from 0.3 to 
359 pglg (Figure 20). 41 out of 99 stations had THC concentrations <10 pglg 
while 27 had concentrations of 10-20 pg/g. 16 stations had THC levels of 
20-40 pglg while only 15 stations had levels >40 pg/g. Average hydrocarbon 
concentrations for various portions of Tampa Bay are shown in Table 5. As can 
be seen from this table, the highest hydr~carbon concentrations were found in 
the lower Hillsborough River and upper Hillsborough Bay. Concentrations were 
lower in the upper river and in Old Tampa Bay and decreased throughout Tampa 
Bay to a level of <10 pglg at the mouth of the Bay. Similar levels were found 
in other sections of the Bay. Clear evidence of petroleum contamination was 
observed in the lower Hillsborough River and Upper Hillsborough Bay while most 
other samples primarily resembled naturally occurring biogenic hydrocarbons 
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Table 5. Average total hydrocarbon concentrations for various zones in Tampa 
Bay (from Van Vleet et al., 1986). (n) = number of samples in each 
zone. 
Location 
Upper Hillsborough River 
Lower Hillsborough River 
Upper Hillsborough Bay 
Lower Hillsborough Bay 
Alafia River 
Old Tampa Bay 
Upper Tampa Bay 
Lower Tampa Bay 
Boca Ciega Bay 
Terra Ceia Bay 
Manatee River 
Anna Maria Sound 
Average 
Concentration 
(}.Ig/g) 
22 
250 
48 
12 
28 
19 
15 
7 
13 
8 
15 
4 
4 
2 
11 
6 
4 
13 
15 
11 
11 
3 
8 
2 
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with little evidence of petrogenic inputs. Analysis by combined high 
resolution gas chromatography-mass spectrometry of contaminated sediments from 
the Hillsborough River/Hillsborough Bay area indicated a mixed source for 
these hydrocarbons with some being introduced by both petroleum and incomplete 
combustion sources. Analysis of core samples from the contaminated areas 
shows recent enhancement of petrogenic hydrocarbon inputs to surface sediments 
thus supporting the contention of recent anthropogenic inputs to these areas. 
In addition to the stations compiled in Table 5, sediments were collected from 
nine stations located in marinas, boat yards, housing canals and other high 
impact areas . In almost all cases, these sediments showed enhanced 
hydrocarbon levels arising primarily from petroleum inputs. An interesting 
comparison can be made between sedimentary hydrocarbon levels found during the 
winter (Van Vleet and Reinhardt, 1983) and those found during the 
spr~ng/summer seasons (Van Vleet et al., 1986). Spring/summer values were 
normally about twice as high as levels found during the winter, indicating 
enhanced biogenic inputs due to increased productivity during the 
spring/summer months. These results agree quite well with those reported by 
Van Vleet et al. (1984) for the nearby Charlotte Harbor estuary . 
One other hydrocarbon survey has been carried out in Tamp~ Bay by Texas 
A&M University as part of NOAA's Status and Trends program. Sediments from 
four stations (see previous section) were analyzed for selected polycyclic 
aromatic hydrocarbons (PAR's) to investigate petrogenic inputs to the Bay . 
Results of this study show PAR concentrations ranging from non-detectable 
levels (Cockroach Bay) to 443 ng/g (Hillsborough Bay). These results again 
indicate enhanced anthropogenic inputs to the upper Bay. Relatively high 
levels of petrogenic hydrocarbons were also observed in sediments from Papys 
Bayou. 
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Several other studies have reported "total oil and grease" concentrations 
in sediments collected as part of various harbor or channel deepening projects 
(Dames and Moore, 1983; Mangrove Systems, Inc., 1983; FDER, 1987; Wade-Trim, 
Inc., 1988). Sites for these studies included East Bay, McKay Bay, Port of 
Tampa, Hillsborough Bay, Alafia River, Bradenton Marina and the Sunshine 
Skyway. In all cases, total oil and grease concentrations ranged from 137 to 
2000 ~g/g with an average of approximately 613 ~g/g. As mentioned above, 
however, these values represent gravimetric weights of the total lipid extract 
and are difficult to compare with previously discussed hydrocarbon data. 
Summary and Conclusions 
Relatively little data is available on the occurrence of petroleum 
hydrocarbons and chlorinated hydrocarbons in the Tampa Bay environment. This 
is probably -a reflection ~f the time, money, and training necessary for the 
hydrocarbon analyses. The sparse data presently available tends to indicate 
that most of Tampa Bay is still much cleaner with respect to petroleum and 
chlorinated hydrocarbon contamination than many other anthropogenically 
impacted estuaries around the u.S. However, areas of unusually high 
concentrations of these compounds have been reported around Tampa Bay. As can 
be seen from the figures and from reviewing the literature, the most heavily 
impacted areas of Tampa Bay are in the lower Hillsborough River and upper 
Hillsborough Bay. Local "hot spots" may also occur near specific industrial 
discharges or in marinas, housing canals or other high usage areas. Although 
there is only a moderate inverse correlation between hydrocarbon concentration 
and grain size (Sherwin, 1989), data from other studies suggest that this may 
play a considerable role in controlling hydrocarbon distributions around Tampa 
Bay. This is one question that could certainly provide a basis for further 
study. 
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It has also been suggested (Van Vleet and Reinhardt, 1982; Van Vleet et 
al., 1984, 1986) that higher annual temperatures in this subtropical 
environment (as compared to more temperate systems) may enhance microbial 
metabolic degradation rates and therefore contribute to the relatively low 
levels of hydrocarbons in this estuary. High sediment porosity in Tampa Bay 
may also contribute to this process. Clearly more information is needed to 
support these hypotheses. Seasonal variability and more detailed source 
information would also provide valuable information to our knowledge of 
hydrocarbon cycling in Tampa Bay. Finally, little information is currently 
available on the effects of petroleum hydrocarbons on subtropical organisms. 
Toxicity studies using hydrocarbon levels found throughout Tampa Bay are 
extremely important in order to help understand and maintain the environmental 
health of this ecosystem. 
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METALS IN TAMPA BAY SEDIMENTS 
Introduction 
Metals are ubiquitous in the natural environment. As such, assessment of 
anthropogenic metal inputs in urbanized areas requires consideration of 
natural inputs. One means of examining anthropogenic vs. natural metal levels 
has been through procedures involving comparisons of natural crustal 
abundances. Due to general acceptance of Al as an appropriate normalizing 
factor, we have used aluminum normalized metal concentrations in a variety of 
the comparisons which follow. Since organisms respond to total metal loadings 
and metal speciation rather than to normalized levels it is also important to 
examine metal concentrations in an absolute sense. At exceedingly high 
anthropogenic fluxes, the significance of natural backgrounds may be reduced 
to a level such that direct (not normalized) comparisons of sediment metal 
load.ings are even preferred. In the case of Hillsborough Bay vs. Tampa Bay 
sediments in general, direct comparisons of metal loadings are quite dramatic. 
Coverage of sediment trace metal concentrations in Tampa Bay is 
sufficiently sparce that there is no possibility of examining gradients 
throughout the bay. Previous work has concentrated principally on metal 
concentrations in Hillsborough Bay and in Upper Tampa Bay proper. Although 
sparce, available data are sufficient to demonstrate, for some metals, heavy 
loadings for Hillsborough Bay relative to the rest of Tampa Bay . Work from 
the Deepwater Ports Study and the Hillsborough Bay Study (FDER, 1988) 
demonstrate particularly heavy contamination in the northern part of 
Hillsborough Bay and in poorly flushed channels of Hillsborough Bay. 
Normalized to aluminum, the metals Pb and Zn are particularly enriched in 
Hillsborough Bay, followed by Cd. Tampa Bay sediments, as well, appear to be 
generally enriched with each of these metals. Cr, Cu, Ni and Hg appear 
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enriched in some Tampa Bay sediments, but to a lesser degree than for Pb, Zn, 
and Cd. Normalized to aluminum, arsenic shows no obvious anthropogenic' input. 
In some heavily metal laden portions of Hillsborough Bay, metal 
concentrations have been demonstrated to be strongly depth dependent. For the 
metals Pb, Zn, Cd, Hg and Cu, metal concentration ratios in shallow and deep 
portions of two cores (FDER, 1987a) are provided in Table 6. 
Metal 
Pb 
Zn 
Cd 
Hg 
Cu 
Core 
8.3 
8.5 
>6.1 
5.0 
1l.8 
Concentration Ratio 
( 
0-2 ft. 
1 2-4.5 ft. Core 2 
7.5 
21.6 
>6.2 
11.0 
11.4 
Some recent studies of Hillsborough Bay sediments have been conducted in 
a manner which should minimize local point source inputs (Brooks et al., 
1987). Analyses of sediments near the Alafia River (Brooks et al., 1987) are 
in quite good agreement with shallow core results (FDER, 1987a, b; Army Corps 
of Eng., 1986) obtained in upper Hillsborough Bay. Shallow sediment results 
obtained near the Alafia River and in upper Hillsborough Bay are compared in 
Table 7. 
TABLE 7 
Metal I II III 
Pb 51 76 52(ppm) 
Zn 133 254 53(ppm) 
Cd 1.33 1.22 0.570(ppm) 
Hg 0.99 0.105 0.055(ppm) 
Cu 19 32.4 5.3(ppm) 
I - Army Corps of .Engineers, 1986 
II - FDER, 1987a 
III - Brooks et al., 1987 
Ratio (I/III) (II/III) 
1.5 0.98 
4.8 2.5 
2.2 2.3 
1.9 18 
6.1 3.6 
The results shown in Table 7 suggest that heavy metal levels in Hillsborough 
Bay are relatively well-mixed. It might therefore be expected that 
Hillsborough Bay represents a strong source of metals to Tampa Bay in general. 
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If Hillsborough Bay is major source of metals to Tampa Bay then it might 
be expected that well-flushed bay waters, remote from Hillsborough Bay ought 
to be uniquely low in metals. Some support for this conclusion is found in 
results (Mangrove Systems Inc., 1983) of sediment analyses near the main span 
of the Sunshine Skyway. The concentration of Pb in sediments from this 
location are less than 37. of the lead concentrations generally reported in 
Hillsborough Bay. Mercury is more than an order of magnitude reduced in 
concentration compared to Hillsborough Bay, and Cadmium levels in the Sunshine 
Skyway sediment, reported as an upper bound, appear to be less than one-third 
of typical Hillsborough Bay samples. 
Although lower Tampa Bay proper appears relatively clean compared to the 
upper bay, point sources can make metal concentrations high in any area where 
inputs are large relative to' flushing rates. Adjacent to storm drains at the 
Bradenton Municipal Marina, for example, concentrations of Cd, Pd~ Zn and Hg 
were reported ,(Wade-Trim Inc., 1988) at levels which are comparable to those 
found in Hillsborough Bay. 
In order to assess the general condition of Tampa Bay sediments, it is 
probably most useful to consider measurements at locations removed from 
obvious point sources. Such measurements have been conducted within 
Hillsborough Bay (a regional source) and additionally, Papys Bayou, Cockroach 
Bay, and Mullet Key (Brooks et al., 1987) . . The results of measurements for 
Cu, Hg, Pb, Zn and Cd and these locations (Table 8) once again suggest that 
Hillsborough Bay is unique within Tampa Bay as a general repository of trace 
metals. 
TABLF. 8 
CU~EEm~ Hg~EEb~ Pb(EEm) Zn(EEm) Cd~EEb~ 
TBHB 5.3 55 52 53 570 
TBPB 1.3 <10 2.7 1.7 80 
TBMK 5.0 <10 9.8 9.3 57 
TBCB 3.0 -10 2.5 3.6 100 
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Studies which have included Tampa Bay among a wide variety of locations 
along the Gulf of Mexico (Brooks et al., 1987, 1988) are potentially us~ful in 
providing a general perspective on Tampa Bay observations. Table 9 indicates 
that, in terms of one common index of anthropogenic inputs, Tampa Bay as a 
whole is unique among the sites sampled for its generally high metal to 
aluminum ratios. 
TABLE 
Metal Location (Metal/Al z 1987) 
Ag TBHB 1.3x10 -3 
As TBMK >8x10- 4 
Cd TBHB 7.4x10 -2 
Cr TBHB 3.8x10 -3 
Cu TBCB 1x10-3 
Hg TBPB/TBMK 1. 6x10 -5 
Mn TBCB 4.9x10 -2 
Ni TBPB 1.5x10 -3 
Pb TBHB 4.8x10 -3 
Sb TBMK 8x10-5 
-4 
Se TBMK 1. 3x10 
Sn TBCB 2.8x10 
-4 
-3 
Zn TBMK 5.3x10 
TBHB - Tampa Bay Hillsborough Bay 
TBPB - Tampa Bay Papys Bayou 
TBCB - Tampa Bay Cockroach Bayou 
TBMK - Tampa Bay Mullet Key 
9 
Conunents 
Third highest among measurements 
at 51 sites along US Gulf Coast. 
Highest of 51 sites. 
Highest of 51 sites. 
Two of three highest sites among 
51 along Gulf Coast. 
Second highest site among 51 
sites. 
Highest of 51 sites. 
Highest of 51 sites. 
Highest of 51 sites. 
Second highest among 51. 
Highest among 51 sites. 
Highest among 51 sites. 
While, at face value, the data shown in Table 9 appear remarkable, these · 
data may also be taken as an indication that Al normalized metal 
concentrations are skewed to high values due to the low aluminosilicate 
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content of Florida sediments. If this is the case, then it should, 
nonetheless, be observed that, with the exceptions of Cu and Cr, Tampa Bay has 
uniquely high metal/AI ratios among the fifteen sites examined (Brooks et al., 
1988) along the Gulfcoast of Florida. 
RADIONUCLIDES IN TAMPA BAY SEDIMENTS 
In view of the generally high concentrations of uranium and its daughters 
in phosphatic strata, the abundance of phosphatic materials in Florida, and 
modern-day awareness of the potential consequences of high environmental 
levels of radionuclides, it is suprising that so little is known about 
radionuclide fluxes in Tampa Bay. Upchurch et al . (1985) noted that direct 
investigations of Tampa Bay waters and sediments were limited to the works of 
Fanning et al. (1982), Kaufman (unpublished data presented in Osmond and 
Cowart (1976)), and Upchurch et al. (1976, 1985). Fanning et al. (1982) noted 
quite high levels of radon-222 in bay waters compared to the Gulf of Mexico in 
general. Through measurements of both radon-222 and radium-226 in Tampa Bay 
waters Fanning et al. concluded that observed levels of dissolved radon-222 
cannot be supported solely by observed levels of dissolved radium-226. It is 
likely that excess radon gas is delivered to the water coiumn from a) bottom 
sediments, b) ground waters entering Tampa Bay or c) surface waters entering 
Tampa Bay. 
The radionuclidic content of Tampa Bay sediments has apparently been 
examined only by Upchurch et al. (1976, 1985). All observations were 
confined to the mouth of the Alafia River and outfalls immediately adjacent 
the operations of Gardinier Inc. Upchurch et al. (1985) noted that analyses of 
sediments, water samples, and biota for radionuclides other than radium-226 
and radon-222 are quite scarce. There appear to be essentially no previous 
investigations of Tampa Bay sediments for radionuclides other than those two 
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isotopes. In view of the sparce spatial distribution of previous radium-226 
and radon-222 in Tampa Bay, and the absence of sediment data for nuclides 
other that these two, it should be concluded that the radionuclidic content of 
Tampa Bay sediments is virtually unknown. 
Since Tampa Bay waters are generally quite enriched in radon-222, the 
fate of its daughter radionuclides becomes a major question. Since radon is a 
gas, some portion of the radon-222 generated in sediments and in the water 
column will be exported to the atmosphere. Of the fraction which remains 
behind, most isotopic decays produce highly energetic particles. In a 
multi-step process beginning with radon-222 and ending with stable lead-206, 
four energetic ~ emissions are produced: 222 218 Rn, 5.40 Mev; Po, 6.0 Mev; 
214 210 Po, 7.7 Mev; and Po, 5.3 Mev. The chemical behavior the radioactive 
elements between radon-222 and lead-206 is such that strong affinities for 
surfaces can be anticipated, along with biological uptake. 
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BENTHIC BIOLOGY OF TAMPA BAY 
Introduction 
Marine benthic biology is a broad area of study that includes both plant 
and animals that are either on (epibenthic) or, as in the case of some benthic 
animals, in (infaunal) the substrate. The animals may be either motile or 
sessile. Benthic faunal studies may be at the individual species level, the 
population level, or the community level. Most community studies attempt to 
describe aspects of the structure of the community based upon species number 
and the number of individuals belonging to each species. Relatively few 
studies in Tampa Bay have been attempted on benthic community metabolism which 
would include plant photosynthesis, plant and animal respiration, and the 
chemical oxygen demand of the sediment. 
Although benthic studies of Tampa Bay have been extensive and range back 
to the 1950's, lack of-commonality in study area, in type of study, and in 
techniques employed make it difficult to quantitatively describe the changes 
that have occurred as a result of pollution. Benthic studies of Tampa Bay 
prior to 1973 have been summarized by Taylor (1973) and Simon (1974). These 
earlier works primarily are descriptive species lists with some attempts to 
2 quantify individual densities in terms of number of individuals per m. Most 
of these studies observed that densities of benthic macrofauna may be as great 
2 as 200,000 per m and decrease to near ze~o in areas of high pollution stress. 
Seagrasses 
The seagrasses of Tampa Bay consist mainly of Thalassia testudinum, 
Syringodium filiforme, and Halodule wrigitii with Ruppia present in some areas 
to a lesser extent. The existing information on these submerged flowering 
plants in Tampa Bay has been reviewed by Lewis, et ale (1985). Most of the 
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work on the seagrasses has been descriptive. These seagrasses cover 
approximately 107. of the Tampa Bay system and contribute greatly to the 
overall productivity (Haddad, 1989). Seagrasses are found in the sandy areas 
of th bay with lowered turbidity and relatively high light penetration. 
Lombardo and Lewis (1985) have suggested that pollution of the Tampa Bay 
system has resulted in an 817. loss of these seagrasses. 
Mangroves 
Mangroves now cover about 77. of the Tampa Bay system (Haddad, 1989). 
Although mangroves are largely intertidal, they are extremely important to the 
overall ecology of Tampa Bay. Mangroves act to stabilize a shoreline by 
trapping fine sediments and detritus. This serves as an important habitat for 
detrital based food chains. The functional role that mangroves may play in 
limiting the ei"fects of pollution have not been ·studied. 
Infaunal Community Structure 
The early attempts to describe the infaunal benthos of Tampa Bay (Hutton 
~ al., 1956; Bullock and Boss, 1963; and Dragovich and Kelly, 1964) .relied on 
lists of species particularly the molluscs and polychates. In the 1970's and 
1980's more quantitative infaunal samplings detailed the localized effects of 
red tide and pollution (Bloom ~ al., 19702 Dauer and Simon, 1976; Santos and 
Simon, 1980a, and b; Dauer, 1984). Although these studies have provided a 
better understanding of the species composition and densities of some sand 
bottom communities, seasonal and spatial variability of community structure 
make comparisons between locations and over time difficult. Community 
structure studies rely on empirically derived formulas (diversity indices and 
evenness) to analyze the vast amounts of data on species composition and 
densities. 
87 
Although the sensitivity of these techniques is not very good fQr 
pollution studies, they have provided a better conceptual understanding of the 
benthic faunal/sediment relationships in Tampa Bay. Bloom et al. (1972) 
demonstrated that sediment type (mud, sand, muddy sand) played an important 
role in determining infaunal community. type along 3 transects in Tampa Bay. 
Further, Simon (1979) has shown that species richness increases while 
population densities decrease along a gradient from the upper bar to the lower 
bay. 
Microbiology 
Because of the large amounts of sewage effluent that enters the bay, much 
of the bay has been closed to shellfishing. Although oyster populations have 
largely declined since the 1950's, clam populations in some areas are still 
large enough to at least support a recreational fishery but as Haddad (1989) 
reports, landings are low because only 15-207. of the potential areas are 
approved for shellfishing . Old Tampa Bay has been closed to shellfishing 
since 1979 and some areas of lower Tampa Bay have been sporadically closed 
since the 1980's (Haddad, 1989). These closures are the result of high levels 
of fecal coliform bacteria which are indicators of the presence of human 
pathogens (Blake et al., 1982). In some areas of Tampa Bay the fecal coliform 
5 bacteria may exceed 10 per 100 ml of seawater (Tamplin et al., 1982). 
Conclusions 
Studies to date on the benthic biology of Tampa Bay have documented to 
some extent the gross changes that have taken place in Tampa Bay after many 
~~ 
years of abuse. However, the studies described above lack ~ sensitivity 
necessary to detect the biological effects of minor shifts in pollution. 
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Communities are composed of individual species and the effects of a pollutant 
must first be examined at the species level. 
Individual species of benthic invertebrates may be the best indicators of 
pollution for a number of reasons. They are relatively long-lived and 
therefore can accumulate pollutants in their tissues. Also many species have 
wide distributions and many have sedentary habits. Finally they show 
differing tolerances to stress. The benthic invertebrates with the least 
tolerance such as bay scallops rapidly disappear from the benthic community 
while those with the greatest tolerance to high pollution (opportunistic 
species) may occur in great numbers. Table 10 shows a list of pollution 
indicators common to Tampa Bay. 
Not only are these species important as indicators because of their 
presence or absence but because some of the more tolerant forms such as the 
oyster, clam, and amphipod often show histopathological changes at the tissue 
level which can be associated with the accumulation of pollutants especially 
the heavy metals. In fact, oysters from Tampa Bay have already been used as 
part of the Mussel Watch Program sponsored by NOAA. 
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Table 10. Possible Indicator Species of Tampa Bay. 
Species Characteristics 
Streblospio benedicti 
(infaunal worm) 
Capitella capitata 
(infaunal worm) 
Mercenaria campechiensis 
(infaunal bivalve) 
Crassostrea virg1n1ca 
(epifaunal bivalve) 
Ampelisca .§.E. 
(infaunal amphipod) 
Argopecten irradians 
(epifaunal bivalve) 
Widely distributed, tolerates low 
oxygen and high organics. 
Widely distributed, tolerates low 
oxygen. 
Distributed from middle of Tampa Bay to 
the Gulf, tolerant of low oxygen and 
higb organics, accumulates pollutants 
which can be associated with 
histopathology. 
Widely distributed, tolerates 
relatively high organics, found 
attached to solid substrates 
particularly in areas of fresh water 
input, accumulates pollutants which can 
be associated with histopathological 
changes. 
Common to fine sediments and areas of 
heavy siltation, tolerant of low 
oxygen, histopathology well-documented. 
Highly sensitive scallop once common to 
Tampa Bay and now only found in lower 
reaches in small numbers, accumulates 
pollutants and shows rapid 
histopathological changes. 
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keywords 'sediments' and 'benthic'. 
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